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Page 1, line 3: Change "diesel" t o  "kerosene. " 

Page 1, line 17-18: Change "diesel fuel" to "lkO F f lash  kerosene. " 

Page 3, l i n e  12: Change "diesel fuel" to "lkOo F flash kerosene." 

Abstract, l ine  4: C%ange "dieeel fuel" to ''14.0' F flash kerosene.". 
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By James W. Useller, Jems L. Ehrp, Jr. 
and Zelmar Bareon 

An investigation w a s  made Wprin@; the performance of JEy=-2 Fuel 
and unleaded clear  gEisoline in a 3000-pound-thruet turbojet  engine. The 
JFc-2 f u e l  was a blend of 75 percent  diesel type -fuel and 25 percent 
aviation  gasolins. m e  two fuels performed squally w e l l  at rated engine 
speed at a l t i tudes  up to 35,000 feet, but combustion efficiency with the 
JFC-2 f u e l  wa.6 lower both at reduced engine speede and a t  mer altitudes. 
Turbine-discharge radial  temperature  profiles f o r  the two fuels were 

gave a flatter profile than gasoline. A t  the flight Mach number aim- 
ulated, low-speed cabus t ion  blow-out of %e engine w a B  not encountered 

low-altitude  engine stazts showed no apparent difference in the s t a r t h g  
characteriaticB of the two fuels. 

I. comparable except .at ag altitude of 45,000 feet, where the ZFC-2 fuel 

w with ei ther  f'uei a t  tail-pip& .t;empem.tures above 1500 F. Several normal 

The problem of providing  adequate  protected bunker space for high- 
v o l a t i l i t y  fuel on bawd aircraft carriers has led t o  an attempt t o  find 
a aatiafactory  turbojet enghe fuel that could be frtored In unproteoted 
bunlrers aboard fleet aircraft carriers. A b l e d  of 75 percent diesel 
fuel and 2 5  percent  aviation  gasoline was proposed ' for t h i e  w e  by the 
Bureau of Aeronautics, Department of the Navy. This turbojet  en@;% 
fuel blend w a s  desigmted JFC-2 fuel. In carrier we, such a fuel would 
be blended a8 needed,"thus r e g u i r m  only 25 percent  of the protected 
bunker space now required. A n  O~VIOUE improvement In effect ive utili- 
zation of the J e t  aircraft aboard carriers would result. 

A s  a part of the general study of the JFC-5: f u e l  being directed by 
the Bureau of Aeronautice, the perfomnance-of a 3 0 0 0 - p o ~ - t h r u s t  turbo- 
Jet  engfie uFng this blend was investigated in  an IW2.A Lewis laboratory 
altitude test chamber. The investigat-ion included a comparison of %he 
engine performance using JFG-2 f u e l  and ue inga   c l ea r  unleaded ga&oline. 
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The engine perfomnance was obtained far a range of engine speedg a t  " -  " 

simulated altitudes f'rcrm 10,000 t o  45,000 feet a t  a Right Mach num- 
ber of 0.8. The low-engine-speed blqw-out limit was imeetigated, at  
each al t i tude,  and law-altitude engine starts were pt3rformed. The 
turbine-discbarge  gas-temperature gradients and the carbon-deposition 
characterist ics of the JTC-2 fuel w e r e  obeerved. 

. .. 

. 3 - w  

Engine . . .-", . .  . 

The Investigation W&B conducted on a J34-WE-22 turbojet  en@;- 
having a thrust rating of 3000 p6Unas at . a n  engins speed of 12,500 rpn - 

at sea l eve l  .with zero ram. The engine components (fig.  1) included an 
ll-stage axial-flow  cmpressor, a compressor  discharge mixer, a double 
annular combustor of the through-flow m e ,  a two-stage axial-flow 
turbine, snd a variable-area exhaust nozzle .  The campreseor-diecharge 
mixer (fig. 2) w a s  employed t o  produce a more favorable compreesor dis-  
charge  velocity  gradient apd consequently an $mprgved turb ine  radial 
temperature distribution. The action of the mixer on the compressor- 
discharge air flaw W a 8  such that in alternate vanes  the a i r  at the t i p s  .I 

of the compressor blades was forced inward aMi the air  a t  the blade . . 

roats,  followed an outward path r e a u l t h g  in turbulent mixing of the air  
flow entering the conibuator. The standard engFne fue l  syetem was w e d  1 

throughout the  investigation. 

. . ". . .- 

. .  . 

. .  . 

Altitude Test Chamber 

The engfne W&E inetalled in;= altitude t e s t  chamber (fig.  3) which 
was 10 feet-in dlameker and 60 feet long, and included a*-etraightening 
V-B, frant and rear  bulkheads,.and ean exhaust diffuser. The engine was 
mounted on a thrust stand which.wae -connected t o  a thrust-measuring cel l  
through a ser ies  of Unhges. The. engine i n l e t  qtended through the front  .. 

bulJ&ead eand freedam of movement . w a s  provided by meam of a labyrinth 
eeal. A rear  bulkhead was instal led around the engine t a i l  pipe t o  pre- 
vent  reoirculation.of  the  hot  exhauet ga8e-8 around the. en@%. It was 
poesible t o  observe u p e t r e g ~  through the..exhaust nozzle. and turb.he  lit0 
the  combustion chamber during engine operation by meam of a periscope 
instal led i n  the downetream section of the t e a t  ch@Ier. 

- 
. . . - - - - 

. "  . "" 

- " 

Instrumentation -7 .r- 

A b ?  flow, fue l  flaw , e n g h e  a p e d ,  a& t?mperatures and preesures 
were msaerured a t  varioue  station8 Fn the. engine and test chamber. The a 

manufacturer of the J34 turbojet engine bas recommended the maintenance 
. . . . . . . . . 

. .. . .  
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b of  a specified 
a,nnulus (based 

rad ia l  gas tamperatwe profile across  the  turbine-discharge 
on b h d e  stress conaideratione) as good operat-  practice. 

P a r t F c 6   a t t e n t i o n  was given t o   t h e  measurement of the radial gas tem- 
perature distribu%ion at  this posit ion Fzl the engine- t o  oonf'om. t o  this 
specification. The ina.t;rumentation f o r  the measurement of the turbine- 

N discharge gas tamperature consisted of six rakes each with eight 
IP stagnat ion-type  cbrael-alumel themnooouples . The thermooouple spacing 
t" on the  rakes was manged so as to-  represent equal flow areas, ami the . cI.l 

themcouples  were located i n  a plane % inches downstream of the turbine. 3 

Fuels 

The fuels umd were unleaded, c l e  gasoline and JFC-2 fuel. The 
ZFC-2 fuel is a blend of 75 percent  diesel fuel a d  25 percent grad8 
115/145 aviation  gasoline (ME-F-5572) by volume. A fuel analysis  -for 
each fuel is presented in table.  I. - 

PROCEDURE 

The a l t i t ude  performance of the engine with both gasoline ani3 
JFC-2 fue l  was Investigated at. a flight Mach rnrmber of 0.8 at sFmuLated 

p e r f o m c e  was determined for a range of engine speeds f r o m  84 percent 
t o  100 percent rated speed (12,500 -), with the vari@ble-area  exhaust 
nozzle- set t o  obtain a lMting tail-pipe gas temperature a t  rated speed. 
The llmit was conaidered t o  have been  reached as soon as any one point on 
the  turbine-discharge gas temperature prof i le  coincided  with  the  Limithg 
temperature prof i le  specified by the muf 'ac turer   for  100 percent rated 
engine  speed. The standard s ta r t ing  procedure ueed during this inves- 
tigation  consisted in w i d m i l l i n g  the engine t o  a speed of approximately 
10 percent of rated speed (f l ight  Mach nuniberr of approximately 0.2) a t ,  
an altitude between 5000 and 15,000 feet before  attempting  ignition. 

c 

m a l t i tudes  of 10,000, 35,000, and 45,000 feet. A t  each f l ight  condition, 

W e t  and exhaust pressure8 were set to   cor respod to the geeired 
flight conditions conforming t o  NACA standard atmomhere and assuming 
100-percent ram recovery. The altitude pressurea were set t o  uith-ln 
M.02 inch of mercury and, i n  general, the inlet tFtmperature W&B set t o  
within Go F. The error  in meaeurment of the primary variables, 
pressure, temprature, engine speed, and f u e l  flow, waa considered t o  be 
not greater than 32 percent. -The data presented have been adjusted to  
RAGA stanlard pressures and temperatures f o r - t h e  f l i gh t  conditions 
investigated. 
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C a m b u s t o r  Performmxe 

In the  comparison of turbojet  engine fuels, primary  consideration 
should be glven t o  the combustion efficiencies  obtained H t h   e a c h - f u e l . .  
when the  engine is operating under similar  conditions. Combustion e f f i -  
ciency w&s calculated.   in this investigation as the r a t i o  of the  enthalpy 
r i se   o f the-gas   across  the -combustor to  .the  heat  input  (reference 1). The 
engine  performance  with JFC-2 f u e l  was compared with  that  obtained  with 
unleaded, c lear  gasoline wmch i.a n-lly_used_-in .. - the - . . 534 . . . -. turbojet  . engine. 

- .$ 
P 
. .- 

" 
.. . - 

The ef'f'ect of engine sped q combustion efficiency of  the JFC-2 fuel 
- -  . "  and gasoline at several a l t i tude@ is ahow;. i n  figure 4. A t  an a l t i t ude .  

of 10,000 fee t ,   the  engine ccrmbustion efflclency during operationwith 
the m - 2  fue l  wae lees than with gasoline at. engine ~peeds  fram 80 t o  
90 percent  rated speed, although the ombustion  efficiency with the 
JEC-2 fuel became equal  to. that with  gasolfne a t  rated  engine spefl. 

the  cambustion eff ic iencies  a t  1gw e x i n e  -weedB became greater than at  ' 
the lower a l t i tude ,  but  the efficiency  with J3E-2 fuel remained equal to  
gasoline a t  rated engine meed. A t  an a l t i t ude  of.45,000 f ee t ,  where 

92 percent at ra ted  speed, while the  efficiency with the JlC-2 fuel 
reached only 86 percent at t h i s  Espeed. . "  

When the  altitude.wwas Increased to  35,000 feet,  the  divergence between . .. 

- -  . " 

combustion is more dif ' f icult ,  the  combustion efficiencywith gasoline wae 1 

" 

Carbon Deposition 

After 6 hours and 35.minute.ri of engine operation a t  varioue simulated 
.flight conditions  with SFC-2 fuel, the ccrmbustion  chamber was diaassemt>led. 
and Fnepected for cwbm depoBitiOll ami w a r p i n g .  Globular carbon formatiom 
were present in the upstream end .of the cambustor liner a t  random loa- 
t iona  (fig.   5).  A total of 34.4 grams of carbon was deposited in the 
combustion chamber; however, the . e n g i n e  fuel nozzles  and spark plugs were 
free f'rm carbon formations. 

. " 

. .  . .  

. ." 

The carbon-fawlng tendencies of fue ls  .depend on the cardbustor 
design, the qperating  comlltiom,  the burnFng time, and khe physical a& ' 

chemical  propertieg.of  the fuel. A decrease i n  c&rbon~depoeition rate 
can ,be anticipated  with  operation a t .  increaiired alti-Eudes  because of the 
decreased fuel flow and. fo r  other reaeona that are e x p l a e d  In  d e t a i l  
in  reference. 2. The r a t e  of carbon formation determFned is therefore 
comparable only a t  f l i g h t  condit~one sirnil& fo $lio-Ge- reported herein. 
Carbon deposition  with g a s o l d  yas not evai%-&iiT5~2Liig-%his invesr 
t iga t ion  because  previous  inve~st.lgatiom  have.reported it t o  be extremely 
smal l  or completely  absent. The carbon deposieion  with .JTC!-2 fuel waa .I 

. .. . . -  

" 

. -. 

. . . . . . . c 

. . - . _  
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- much less severe than with MIL-F-5624 (M-F-58) type fuels used Fn a 
engine as reported in reference 3, where 240 &rams of carbon 

were deposited  during  appraximately 30 hours of opention. no serious 
warping OF other  deterioration of the comburrtor cnmponents was observed 
after operation with the JlT-2 fuel. 

I 

Ergbe Performance v 

The radial gas temperature  distribution a t  the turbina discharge for 
each of the a l t i tudes  investigated w i t h  the engine opera thg  a t  rated 
speed is ahown in figure 6.  !The two fuels  are carpaxed an3 the temperature 
lFmfe specified by the  mmufacturer has been slxperimpoaed. The average 
operating  turbine-disc&ge gas temperature was established by adjustment 
of the variable-area exhaust nozzle t o  maintain the temperature profile 
within the mamfacturer!~ specified limit. The turbine-discharge gas 
temperature prof i l e a  for both fuels at rated ~ F n s  speed were camparable 
a t  a l t i tudes  of 10,000 and 35,000 feet as ehuwn in figures  6(a) and 
6 (b) . AG an a l t i tude  of 45,000 feet, operation with JFC-2 fuel produced 
a comparatively f la t  temperature  profile across the t u r b h e  artn~~J-us 
(fig. 6Gc)). The higher temperature aohfeved with gasoline at  the  center 

c of the turbins blades w a B  balanced by lower temperatureB in the  region of 
the roots and t i p s  of the blades, producing approximately the same average 

~ turbine-discharge gas temperature, 
c 

N e t  thrust is presented as a funct'ion of percent rated ewine speed 
fo r   a l t i t udes  of' 10,000, 35,000, and 45,000 feet in figure 7. ThrLust 
w a s  obtained at each altitude dur- operation w i t h  JYC-2. fuel equal t o  
%hat obtained durbg -standard engine operation with gasoline. 

mine fuel consumption as a function of percent rated engine speed 
f o r  each a l t i tude  imeStlgated-i8 presented in figure 8. A t  law a l t i tudes  
a.nd 100 percent  rated engine speed, the engine fuel consumption of 
JFC-2 fuel w a B  approximately equal t o  that of gasoline. After an increase 
in a l t i tude  to 45,000 feet ,  the JIE-2 fuel consumption was appraximately 
9 percent above that of gasoline st rated engine speed. 

Operational  Chracterist ios 

During low-altitude operation of the engine uith  gasoline,  the. flame 
in  the engine cazlibustion chaslber w a s  normally visible  through the  

- ,  periscope. When CFC-2 fuel w a g  ueed, the flmk intensi ty  was observed 
.- t o  increase somewhat. Flam continued t o  be visible  in the conibuation 

c h b e r  u n t i l  an altitude between 30,000 and 35,000 feet was reched .  
A t  higher a l t i tudes  the v i ~ i b i e  flame l 6 s i t y  decreased so as fo be - - invisible with both  gasoline aad J X - 2  fuB1. 
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Low-engine-speed blow-out t e s t s  of the engine were made at a f l i gh t  
Mach  number of 0.8 a t   a l t i tude8  .of 10,000, 35,000, aad 45,000 fee t .  The 
minimum-speed combustion  blow-out limit not  .%ncountered at any of these 

2 .  

Satisfactory  Low-altitude starts were accomplished at a f l i g h t  Wch # 
number of  approximately  0.2 at  altitudes between 5000 and 15,000 fee t  . 
The  same starting  technique w&6 e e d  with 3FC-2 fue l  as with  gasoline. 
NO discernible  differences i n  start ing  characterist ics of the engine were 
observed between the two fuels   for  the fli@;ht condltions  -investigated. 

CN 
P 

. .  

Su"p;RY OF RESULTS 

The following results were obtained- i n  the comparison of the  per- 
formance of ,JFC-2 fuel and gasoline -In a.3QOQ-pound-thrust turbojet 
engine  bperating at a flight Mach number pf  0.8 at altitudes  of 10,000, 
35,000, and 45,000 fee t :  

. " 
. .  

. .  

. .  - .  . 

1. For operation  near rated speed at the low and intermediate 
alt i tudes,   the combustion efficiencies .and engine f u e l  consumptions with 
gasoline and J F C - 2  fue l  were Wprox3matel-y equal. A t  an a l t i tude  of 
45,000 fee t   the  JFC-2  fuel consumption was approximately 9 percent 
higher, and the conibustion e f f l eency  was similarly lower with JFC-2 fuel 
than with  gasoline. 

II 

. .. 

. .  - 

.. 

2. Equal thrust w&8 obtained at each dti tude.operation  with 
J F C - 2  f u e l  aa durSng st+dard engine  operation w i t h  gasoline. .. 

. . . . .  :: 

3. The turbine-discharge gas temperat-we- profiles  for  both  gasoline 
and J F C - 2  f u e l  were comparable a t   a l t i tudes  of 10,000 and.'35,000 f ee t .  
A t  an a l t i tude  of 45,000 feet,  the  JFC-2-fuel produced a more uniform 
temperature  distribution from root t o  t i p  of  the.turbine blade8 than did 
gasoline at appro-tely the  saie akrage  gai tcrrrperature. 

. ." 

. .. 
. .  

. .  

4 .  During 6 hours and 35 minutes of operation  at  simulated  flight 
conditions  with J F C - 2  fuel ,  a total of 34.4. gry of 'carbon was deposited 
in   the  combustion chamber. 

. .  . .  . . .  - _  
. . .  

5. Low-speed  cQmbUstfDn blow-out was not encountered  with either 
fue l   a t  any of the  flight  conditions  investigated during operation at 
ta i l -pipe gas  temperatures i n  excess of 1500 F. 

. " " 
. " 

. .  - ,  
. .  . . ". - .  . 

6. Several  satisfactory  low-altitude st&s were accomplishedat 
a l t i tudes between.5000 and. 15,000 f ee t  a d  no discernible  difference in 
start ing  chazacterist ics was observed between the J F C - 2  fue l  and gasoline. . .  1 

- . , - -  

- 
" - 

Lewis Flight Pr.opulsion  Laboratory 
Nat ional  Advisory Committee fo r  Aeronautics - 

Cleveland, .Ohio - 
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A.S.T.M. a s t u a t l o n ,  (%) 
lnitial boiling  point 
Percentage  evaporated 
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Final boiling point 
Residue  (percent) 
Loss (percent) 

Freezing  point (OF) 
Aromatics (percent by volupe) 
Bromine  number 
Reid vapor pressure (lb/sq. in.) 
EIydrogen-carbon ratio 
B e a t  of combustion (gtu/lb) 
Specific gravity 
U1-e point ( O F )  

. ' ' . I  . - 

Unleaded, clear 
g a s o m  

lo2  

127 
143 

' 164 
184 
204 
222 
239 
250 
274 
301 
322 
373 
0.9 
1.1 
- -.- 
-" 
-" 
7 .O 

0.180 
189 20 
0.714 
140.2 
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JFC-2 fuel 

142 

19 2 
230 
289 
338 
371 
394 
407 
420 
436 
457 
471 
499 
1.1 
1.0 

-60 
13.5 
0.5 
2 .o 

0 .x4 
18667 
0.785 
142.2 
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( 0 )  Altitude, 10,000 feet. 

Figure 4. - Effect of engine a p e d  og combustion effiafepay of. J?i4 turbojet 
engim operating  with gasoline a n b : m - Z  hLBl at thrse  altitudes; Pl ight  
k o h  number, 0.8. . .  

- "" .. . .. . 

- ". 
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I 
(b) bver half of ccmbuator. 

PQpw 5. - Cmcluded. Carbm bposlts In 534 codbustlon chamber after 6 hours an& 35 rhutea  operation 
vith JFC-2 fuel. 
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Distance from inner wall, in. 
(a) U-t;itude, ~O,OOO feet. 

Figure 6 .  - - Radial -6 tempratwe dist r ibut ion.  at turbfne  discharge 
of 534 turbojet engine oparat€n@;.with gasoline and JFC-2 fuel corn- 
pared t o  limit specified by manufacturer. Flight m c h  nmber, 0.8; 
engine speed, 12,500 rpm. 
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(a) Altitude; 45,000 feet .  

(b) Altitude,' 35,000 feet. 
" . .  

(c) Altitude, 10,000 feet. 
Figure 7 .  - Net thrust of J34 turbojet engine operatlng with gaaolinn 

and JFC-2 fuel. Flight Mach number, 0 . 8 .  

. 

-I 

. .  
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(b) Altitude, 35,000 feet. 
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